Introduction
Recently, laparoscopic distal gastrectomy (LDG) became an acceptable treatment option for early-stage gastric cancer in Korea and Japan. Its short-term outcomes including improved cosmetic appearance, reduced postoperative pain, shorter hospital stay, and improved quality of life have been reported in various studies. 1, 2 In addition, some retrospective studies reported comparable long-term survival outcomes between LDG and open distal gastrectomy. 3, 4 Soon, randomized controlled trials comparing long-term outcomes
between laparoscopic and open distal gastrectomy are expected to establish the oncologic feasibility of LDG. 5 As laparoscopic devices and skills continue to develop, there have been reports of experienced surgeons using single-incision laparoscopic distal gastrectomy (SIDG) to treat early gastric cancer with the aim of reducing the invasiveness of LDG. [6] [7] [8] Despite the small number of cases, we previously reported that SIDG is both safe and feasible for treating early gastric cancer, with similar operation times and better short-term outcomes as compared to conventional LDG. A single-incision laparoscopic total gastrectomy (SITG) technique was also reported by Seoul National University Bundang Hospital in 2013. 9 However, SITG is not as widely performed as SIDG for early gastric cancer, with only two published case reports to date. 10 Here, we report the technical details of the world's first successful solo SITG with D1+ lymph node dissection (LND) and intracorporeal esophagojejunostomy performed using a laparoscopic scope holder and a barbed suture in four patients with proximal early gastric cancer. 
Surgical technique
1) Solo single-port laparoscopic total gastrectomy with
D1+ lymph node dissection
Since we reported the details of SITG in a previous paper, the SITG with D1+ LND is described briefly here. 10 The only point of difference is that in the present case series, we used a laparoscopic scope holder (Laparostat) instead of a scopist (i.e., solo surgery).
The patient was placed in the lithotomy position with reverse Trendelenburg positioning. However, the hip and knee joints were straightened and not bent so as not to limit the instruments' move- neapolis, MN, USA). We performed routine total gastrectomy with D1+ LND (1; 2; 3; 4sa, sb, d; 5; 6; 7; 8a; 9; 11p, 11d; and 12a), including partial omentectomy (Fig. 2) . After complete exposure of the esophagus by division of the anterior and posterior vagus nerves, the esophagus was transected using a linear stapler (Fig.   3A) . The specimen was delivered through the single umbilical incision without any extension.
2) Solo modified semi-loop esophagojejunostomy (barbed suture closure)
After the specimen's proximal resection margin was examined histopathologically, we used semi-loop reconstruction to create an This traction suture is important for manipulating the esophagus (Fig. 3B ). An esophageal opening was created at the mid-portion of the esophagus using the hook in cutting mode (Fig. 3C) , which allowed for easy access to the esophageal lumen with nasogastric tube guidance (Fig. 3D) . The opening of the jejunum was created in a similar manner using the hook in cutting mode.
First, the stapler side of a linear stapler was inserted into the jejunal opening with a motion similar to that of pulling up socks;
the stapler side could then easily enter the jejunum without separate human assistance. The jaw of the linear stapler was partially closed to prevent the jejunum slipping from the stapler (Fig. 4A) . The anvil side of the linear stapler was finally inserted into the opening in the esophagus while the traction suture was controlled with the grasper. By maintaining friction between the two serosal surfaces, it is possible to pull either the esophagus or jejunum using the grasper to adjust the length as needed. In general, a first stapling with a 3-cm length is adequate for preventing stenosis (Fig. 4B) .
After firing the stapler, we checked for bleeding along the stapling line and lumen. The common entry opening was closed with a 23-cm barbed suture (3-0 V-Loc suture on a V-20 needle;
Covidien). Before starting the V-Loc suture, one stay suture was placed on the corner of the near side of the staple site; this stay suture was used to visualize the blind corner while the common entry opening was sutured (Fig. 4C) . Using 23-cm 3-0 V-Loc sutures for both layers, a full-thickness inner layer closure was made proceeding from the corner of the far side of the staple site to the near side using a continuous technique (Fig. 4D) . Once the fullthickness layer was completed, the second seromuscular layer was closed by returning to the far side corner using the same barbed suture (Fig. 4E) . After the last stitch was made, the suture was simply cut without any knots or additional sutures (Fig. 4F) . At this point, a flexible scope with a laparoscopic scope holder provided a stable field of view for carrying out intracorporeal suturing. This is normally a difficult task because even a scopist's minute tremors are maximized due to the leverage effect along with trembling caused by the movements of the heart and diaphragm. In this case, the suturing of the common entry opening could be accomplished without much difficulty in the stable field of view provided by the laparoscopic scope holder. The intracorporeal esophagojejunostomy was then complete.
Results
At Seoul National University Bundang Hospital, solo SITG with D1+ LND using a laparoscopic scope holder has thus far been performed for four patients with clinical stage I gastric cancer. The patients' demographic characteristics and operative data are described in Table 1 days (range, 6~13 days) ( Table 2) .
Discussion
Here, we described the world's first solo semi-loop intracorporeal esophagojejunostomy performed using a manual scope holder without any assistance. Our findings demonstrate that with the use of a scope holder, intracorporeal semi-loop esophagojejunostomy after SITG is technically feasible as a solo surgery that offers a more stable field of view than a procedure performed with human scope assistance. In addition, barbed suture closure of the common entry opening after linear stapling can also be performed for other types of bowel anastomosis without separate assistance.
In single-incision laparoscopic gastrectomy, team cooperation is crucial since the surgeon's laparoscopic field of view is highly limited and is manipulated by an assistant. Any mismatch or miscommunication between the surgeon and the assistant(s) causes stress with consequent operative risk. 12 The concept of solo surgery-frequently discussed over the past 30 years-is a potential solution to this problem that offers various advantages including enhanced precision, enhanced ergonomics, and reduced health costs via reduction in the required human resources. Over the past 30 years, many trials, including randomized controlled trials, evaluated the feasibilities of different camera-holding systems. 13 However, such solo systems have yet to be implemented into general clinical practice, and most of these camera-holding systems have already disappeared from the market. Moreover according to some authors, such solo surgery is associated with loss of comfort and limitations in practice and application, with only marginal resource benefits.
Various camera and instrument holders have been described in the literature. It is recognized that compared with human assistance, using a camera holder in laparoscopic surgery provides an optimal and stable image of the operation field. Control of the laparoscope by the surgeon is also generally considered superior to control accomplished with a scopist's assistance. Aiono et al. 14 concluded
that there was no difference in these respects between passive and active (robotic) camera holders; however, the benefits of active holders are questionable in relation to the performance of the much simpler passive designs, which can be repositioned with one hand.
Even with five ports, laparoscopic total gastrectomy is a technically demanding procedure because of the difficulty of performing esophagojejunostomy solely via laparoscopy. [15] [16] [17] Among the various types of laparoscopic total gastrectomy techniques described thus far, SITG is considered the most technically demanding procedure. In 2013,
we published the first technical report describing SITG . 10 However, we recognize that it is not a comfortable procedure, mainly due to the difficulty inherent in performing continuous intracorporeal esophagojejunostomy via a single port. This difficulty results from an unstable field of view, which can occur when the scope is manipulated by a scopist. Typically, the instruments around the single port tend to clash, and narrow areas of movement lead to physical bumping between the surgeon and scopist.
At Seoul National University Bundang Hospital, we aimed to overcome these technical difficulties by recently introducing a simple, easy to use, low profile laparoscopic manual scope holder for use in single-port gastrectomy. This can provide the surgeon with a greater degree of freedom of movement in the narrow workspace (between the patient's legs) along with a more stable field of view, which allows for precise dissection and suturing. When the scope holder (Laparostat) is used as described in this report, the surgeon must manually reposition the camera or instrument. Consequently, Values are presented as mean±standard deviation (range) or number (%). SITG = single-incision laparoscopic total gastrectomy; LND = lymph node dissection.
the surgeon has to release one or more laparoscopic instruments in order to reposition the camera or instrument. At first glance, this may appear inconvenient; however, using one hand (the dominant one) to reposition the camera and release an instrument is not an important limitation because the surgeon never dissects when the camera requires repositioning. Thus, a passive scope holder is expected to be more efficient and economical in such situations.
Based on our experience, we found that the Laparostat could be used in clinical practice for single-port surgery; furthermore, its usage could also be extended to conventional laparoscopic surgery.
The handling of the scope holder by the surgeon proved to be a skill that was easy to acquire and did not prolong the operation time. In addition, with solo surgery, manpower resources can be reduced significantly. The per-operation cost of a scope holder is estimated to be United States dollar (USD) 10 to 20 after the initial purchase (USD 8,000 for the Laparostat). Finally, solo surgery performed using a laparoscopic holder would allow an experienced surgeon to operate at any time, independent of the scheduling requirements of other staff such as assistants and scopists. However, it would not be easy to react quickly in the event of bleeding, and there is a possibility of greater surgeon fatigue consequent to the solo execution of all procedures from skin incision to closure.
This technical report demonstrates the feasibility of solo intracorporeal esophagojejunostomy and solo SITG. However, further experience from other surgeons and planned, well-designed studies are required to confirm the safety and feasibility of this technique.
